This study compared self-reported sodium and potassium intakes with urinary biomarkers and identified predictive factors. Secondary analysis of the 3-month intensive phase of the HealthTrack study with control (C), interdisciplinary intervention (I), intervention plus 30 g walnuts/day (IW) arms (n = 149). Dietary data was derived from diet history (DH) interviews and biomarker measures from urine. Urine-derived sodium (all, p = 0.000) and potassium (C: p = 0.011; I: p = 0.000; IW: p = 0.004) measures were significantly greater than self-reported intakes over the three months. Multiple linear regression showed body weight at baseline, body mass index (BMI) at baseline, and combined BMI at baseline and DH interviewer significantly negatively predicted the differences in sodium intake and excretion for C (β = −21.226, p = 0.016), I (β = −106.140, p = 0.002) and IW (F (9.530, 2df), p = 0.000), respectively. Where intakes of sodium and potassium are of interest in a trial, both reported intake and urinary biomarker measures are recommended.
Introduction
Well-designed randomised controlled trials (RCTs) provide the highest level of evidence for developing dietary recommendations in nutrition [1] . Where food-based trials are undertaken, the relationship between foods and nutrients needs to be considered to reflect the accuracy of reported food intakes. Moreover, the measurement of self-reported dietary intake data appears to be influenced by the dietary intervention itself. This intervention related bias may impact on the interpretation of the findings [2, 3] . The aim of this study was to compare estimates of intake for dietary sodium and potassium with biomarker measures for urinary excretion of sodium and potassium. A secondary aim was to determine factors associated with differences between the measures in the context of a RCT for weight loss.
Methods
The present study is a secondary analysis of the 3-month intensive phase of the HealthTrack study (ANZCTRN #12614000581662) for weight loss, involving three arms: a control (C), a novel interdisciplinary lifestyle intervention (I) and intervention plus 30 g walnuts/day (IW). All participants provided written informed consent. Detailed study protocols [4] and primary results [5] are described elsewhere. Detailed methods of data handling are provided in the Supplementary Information. In brief, dietary intakes reflecting usual weekly food consumption over the previous three-month period were collected using a diet history (DH) interview at baseline and 3 months. The plausibility of selfreported dietary intake has been reported elsewhere [6] . Overweight and obese participants (Body Mass Index (BMI) 25-40 kg/m 2 ) collected 24-hour urine samples at baseline and 3 months. The incomplete urine samples (< 500 mL or creatinine ratio outside 0.6-1.4) and participants taking diuretics were excluded. Urine-derived intakes were calculated. The usual urine-derived intakes of sodium and potassium over the three month intensive phase of the HealthTrack were calculated using the Multiple Source Method [7] . Bland-Altman plots were developed for selfreported vs. urinary measures, and multiple linear regression used to determine predictive factors.
Results
A total of 149 participants were included in this analysis ( Supplementary Figure 1) . The values of age and BMI were Median urine-derived sodium and potassium intakes were significantly greater than median self-reported intakes in all arms at three months (sodium: C: p = 0.000; I: p = 0.000; IW: p = 0.000; potassium: C: p = 0.011; I: p = Fig. 1 a Bland-Altman plot for assessing bias between self-reported dietary intake and urine derived intake for sodium intake for intervention arm over 3 months of intensive phase of the HealthTrack study (secondary analysis cohort). b Bland-Altman plot for assessing bias between self-reported dietary intake and urine derived intake for Log10 value of sodium intake for intervention + walnut arm over 3 months of intensive phase of the HealthTrack study (secondary analysis cohort) 0.000; IW: p = 0.004). Correlations between self-reported and urine-derived sodium measures were r = 0.213 (p = 0.140) for C, r = 0.146 (p = 0.340) for I and r = 0.298 (p = 0.026) for IW. Correlations between potassium measures were r = 0.188 (p = 0.200) for C, r = 0.597 (p = 0.000) for I and r = 0.350 (p = 0.008) for IW.
Bland-Altman plots demonstrated participants in all the arms generally underreported their sodium and potassium intakes compared with urinary measures over the 3 months. The ranges between the upper and lower limits of agreements for sodium and potassium intakes were wide for all study arms. For sodium, in I the underestimation was greater at higher intakes (Fig. 1a) , whereas for IW underestimation was less at higher intakes (Fig. 1b) . The differences in estimated potassium intakes over the three months between self-reported and urine-derived intakes were fairly consistent for all study arms.
The regression model established that body weight at baseline significantly predicted the difference in sodium intakes over three months for C (β = −21.226, t = −2.511, p = 0.016), but BMI at baseline (β = −106.140, t = −3.258, P = 0.002) for I. BMI at baseline (β = −0.017, t = −3.654, p = 0.001) and the DH interviewer (β = −0.019, t = −2.382, p = 0.021) significantly predicted the difference in sodium intakes between self-reported and urine-derived data over three months for IW. The model was significant, (F (9.530, 2df), p = 0.000) explaining 26% variability of the difference between sodium measurements for IW. There were no identified predictors for the difference in potassium intakes between self-reported and urine-derived data for all arms.
Discussion
The present analysis was aimed to determine the specific observed bias related to intakes of sodium and potassium. As both sodium and potassium are fairly ubiquitous in the food supply, it was expected that participants in all study arms underreported intakes. The findings for sodium intakes are consistent with other research [3] , but in this study, the under-reporting of potassium intakes compared to biomarker values were not anticipated [3] . This discrepancy may be attributed to differences in dietary advice in the intervention arms, focused on reduced sodium intakes [3] , versus energy reductions in the HealthTrack study overall. Additionally, while potassium is mainly sourced from consumed foods, sodium is also added to foods, particularly for processed, and convenience foods. The results also suggested that the intra-individual variances of urinederived sodium intake were greater than those for potassium intake. Thus a greater underreporting of sodium from DH interviews compared to potassium is likely. This aligns with literature previously demonstrating the challenges in estimation of sodium intake [8] . It confirms that biomarkers and/or additional dietary assessment tools may be required to strengthen the quality of data in food-based RCTs if there is a concurrent interest in nutrients such as sodium and potassium.
The findings of this study also confirm that dietary interventions themselves may influence accurate assessment of dietary intake data [2, 3] , particularly using DH interviews. One of the main activities of individualised dietary advice provided by dietitians is goal setting [9] , and in this case losing weight was the primary goal. Anecdotal evidence suggested that those who did not achieve their weight loss goals required dietitians to ask more probing questions during the DH interviews. Additionally, the proportions of female and overweight and obese participants were high in the present sample, who tended to misreport dietary intake [10] . Thus, participants may be more conscious of their body weights measurements, which in turn may influence their dietary intake reporting.
In conclusion, dietary advice needs to be provided in terms of foods but reporting of food intake is inaccurate, especially with respect to sodium which can be added to food. Where intakes of sodium and potassium are of interest in a trial, both reported measures and urinary biomarkers are required to identify reported food sources, enhance advice provision and to ensure the accuracy of nutrient intake estimates.
